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2 
LIQUID EJECTION APPARATUS completed cleaning process . Such remaining debris and 

residues may later on reenter contents of the tank resulting 
TECHNICAL FIELD in that the contents may become negatively affected or 

contaminated . 
The present invention relates to a liquid ejection apparatus 5 To ensure an adequate cleaning of the tank and the 

for internal cleaning of tanks and / or for mixing of contents cleaning apparatus different techniques have been suggested 
in tanks , and in particular to a liquid ejection apparatus and employed . For example , patent document US 2012 / 
having liquid ejection nozzles for improved cleaning . 0017951 A1 discloses a tank cleaning system utilizing 

nozzles to provide flush liquid streams on an interior surface 
BACKGROUND ART 10 of an enclosed space , like a tank . One or more of the nozzles 

used are arranged in an angled fashion such that the flush 
Liquid containment tanks or containers are used in a liquid streams from the angled nozzles impinge on the liquid 

number of industrial processes such as food manufacturing , pipe , on which the cleaning apparatus is mounted , to some 
pharmaceutical manufacturing , chemical processing , mate extent thereby providing a cleaning effect to the liquid pipe . 
rial fermentation and so on . It is often critical to ensure that 15 Patent document , WO 2014/072087 A1 , on the other hand , 
the interior of the tank is free of unwanted debris and discloses how cleaning is improved by employing nozzles 
contaminants . For example , a tank that is typically filled to having a dual spray pattern , resulting in that the interior of 
a certain level may exhibit a “ tub ring ” about its interior the tank is cleaned as well as the fluid line on which the 
circumference at the level to which the tank is most often cleaning apparatus is mounted . This is achieved by the dual 
filled . Also , various equipment within a tank , tank inlets and 20 spray pattern which is designed such that both the interior of 
outlets etc. may trap sediment or debris that may later the tank and the liquid pipe , on which the cleaning apparatus 
reenter the tank contents during use . is mounted , is sprayed to some extent . 
Unwanted contaminants in the tank may negatively influ The cleaning apparatus may also be used for mixing a 

ence the quality of the finished product being manufactured , content of the tank . This is typically done by filling the tank 
processed or stored in the tank . Also , the interior of a tank 25 with the content until the rotary jet head is fully underneath 
must be properly cleaned if regulations applying to certain a surface of the content . The content is then mixed by 
industries such as pharmaceutical industries shall be fol circulating it from an outlet of the tank and back into the tank 
lowed . Thus , it is common to clean the interior of such tanks via the rotary jet head . As with cleaning , mixing must be 
at certain intervals , e.g. after each process batch , to ensure adequately performed and it is important that this may be 
product quality and adherence to any relevant regulations . 30 done without e.g. excessive circulation of content . When a 

Tank cleaning systems are available that clean debris and tank cleaning apparatus is capable of also performing mix 
residue from the interior of tanks and other vessels through ing of a content of the tank , the apparatus is often referred 
the use of what is commonly known as impingement clean to as a liquid ejection apparatus rather than a cleaning 
ing . One common type of such systems employs a cleaning apparatus . 
apparatus that is inserted into the tank and which has a hose 35 Present techniques provide solutions for cleaning of the 
or pipe that extends into the tank . At an end of the pipe interior of tanks and mixing of contents of a tank . Moreover , 
protruding into the tank , a rotary jet head is affixed . The present techniques provide solutions for cleaning the pipe or 
rotary jet head is commonly rotatable about one or two axes liquid line onto which the cleaning apparatus or liquid 
and , in the latter case , is typically geared such that as the jet ejection apparatus is mounted . However , in some cases the 
head rotates about an axis of the pipe , it also turns upon an 40 cleaning of the cleaning apparatus itself has proven to be non 
axis perpendicular to the pipe . satisfactory , resulting in that debris or residues remain on the 

A relationship between rotations about two axes depends cleaning apparatus even after a completed cleaning process . 
on a gearing ratio , which is selected such that a combination If debris or residues remain on the cleaning apparatus after 
of a particular orientation and position of the jet head repeats a cleaning process , this may result in that the contents of the 
only after multiple revolutions around the axis of the pipe . 45 tank are negatively affected or contaminated during subse 
This technique staggers subsequent traces of the spray quent use of the tank . 
against a tank interior on each revolution of the rotary head Hence , there is a need for an improved liquid ejection 
to ensure that substantially every portion of the tank interior apparatus . 
is exposed to the cleaning spray at some time during the 
cleaning process . The accomplished traces of the spray 50 SUMMARY 
against the tank provide a cleaning apparatus that sprays 
cleaning liquid in a predetermined pattern on the interior It is an object of the invention to improve the above 
surface of the tank . techniques and the prior art . In particular , it is an object to 

In order to ensure that the interior of a tank is adequately provide a liquid ejection apparatus that may improve clean 
cleaned the cleaning liquid should be sprayed in a prede- 55 ing of the liquid ejection apparatus itself during use . In other 
termined pattern . Alternatively , a cleaning duration may be words , in particular , it is an object to provide a liquid 
prolonged , which however may lead to excessive waste of ejection apparatus with improved self - cleaning properties . 
time , cleaning fluid , and energy . To solve these objects a liquid ejection apparatus for 

A tank cleaning apparatus is commonly a fixed installa cleaning of a tank is provided according to a first aspect . The 
tion in the sense that it is seldom or even never removed 60 liquid ejection apparatus being configured to be attached to 
from the tank in which it is installed . This means that also a liquid line that extends into the tank , and to receive a liquid 
the tank cleaning apparatus itself preferably shall be cleaned from the liquid line , the liquid ejection apparatus compris 
during a cleaning process in order to not complicate the ing : a base member having a first end for receiving the liquid 
cleaning process by e.g , requiring a separate subsequent from the liquid line , and a second end , wherein an outer 
cleaning of the cleaning apparatus . An unsatisfactory 65 circumference of a section of the base member increases in 
cleaned cleaning apparatus may result in that debris and a direction towards the second end , a rotary head that is 
residues are remaining on the cleaning apparatus after a rotatably connected to the second end of the base member , 
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a rotary nozzle hub that is rotatably connected to the rotary of the rotary nozzle hub , the annular envelope surface 
head and comprises a primary liquid ejection nozzle for having a width that is equal to or smaller than an outer width 
ejecting the liquid , the rotary head being rotatable about a of the primary liquid ejection nozzle at the connection 
first geometrical axis and the rotary nozzle hub being between the primary liquid ejection nozzle and the rotary 
rotatable about a second geometrical axis that is arranged at 5 nozzle hub . By this arrangement a compact design of the 
an angle relative to the first geometrical axis , such that the liquid ejection apparatus is achieved . A compact design may liquid ejected by the primary liquid ejection nozzle is ejected result in a stronger construction requiring less material in a pattern towards an interior surface of the tank , wherein during manufacture . Moreover , a compact design may the rotary nozzle hub comprises a secondary liquid ejection require less space during installation and use , allowing the nozzle that is configured to , during at least a part of a 10 
revolution of the rotary nozzle hub , eject the liquid in a cleaning apparatus to be inserted through relative small 

holes in existing tanks . pattern towards an external surface of the base member . 
The liquid ejection apparatus is advantageous in that the The rotary nozzle hub may comprise an internal cavity in 

primary liquid ejection nozzle and the secondary liquid liquid communication with the rotary head , wherein an inlet 
ejection nozzle provide efficient cleaning of the interior of 15 of the secondary liquid ejection nozzle and an inlet of the 
the tank as well as of the liquid ejection apparatus itself . The primary liquid ejection nozzle are separated from each other 
efficient cleaning of the tank is achieved mainly by the and formed in a wall of the internal cavity , which is 
primary liquid ejection nozzle but also to some extent in advantageous in that the fluid may be fed to the respective 
combination with the secondary liquid ejection nozzle , by nozzles in an efficient and reliable manner . 
ejecting the liquid in a pattern towards the interior surface of 20 An inlet of the secondary liquid ejection nozzle and an 
the tank . The cleaning of the liquid ejection apparatus itself inlet of the primary liquid ejection nozzle may be arranged 
is achieved by the secondary liquid ejection nozzle which within a disk shaped volume centered on and extending 
ejects the liquid in a pattern towards an external surface of radially and perpendicularly from the second geometrical 
the base member during at least a part of a revolution of the axis , and having a width that is equal to an outer width of the 
rotary nozzle hub . By ejecting liquid in a pattern towards an 25 primary liquid ejection nozzle at a connection between the 
external surface of the base member , the base member will primary liquid ejection nozzle and the rotary nozzle hub , 
be efficiently cleaned . Further , the liquid ejected towards the which is advantageous in that a compact design of the 
base member will impinge on the base member and there internal cavity of the nozzle hub and consequently the liquid 
after follow the external surface of the base member , mean ejection apparatus may be achieved . 
ing that the liquid will continue to flow down along the base 30 An outlet of the secondary liquid ejection nozzle and an 
member and onto the rotary head . This means that also the outlet of the primary liquid ejection nozzle may 
rotary head will be indirectly cleaned by the liquid ejected within a disk shaped volume centered on and extending 
from the secondary liquid ejection nozzle . The liquid ejected radially and perpendicularly from the second geometrical 
from the secondary liquid ejection nozzle will continue axis , and having a width that is equal to an outer width of the 
further and also provide a cleaning effect to the rotary nozzle 35 primary liquid ejection nozzle at a connection between the 
hub and its nozzles . The use of the primary liquid ejection primary liquid ejection nozzle and the rotary nozzle hub , 
nozzle and the secondary liquid ejection nozzle may in a which is advantageous in that a compact design of the liquid 
mixing process also provide for efficient mixing of a content ejection apparatus may be achieved . A compact design may 
of the tank . result in a stronger construction requiring less material 

The primary liquid ejection nozzle may have an outlet that 40 during manufacture . 
is larger than an outlet of the secondary liquid ejection The primary liquid ejection nozzle may have an outer , 
nozzle , such that a liquid flow through the primary liquid concave surface that faces the rotary head . Thus , the concave 
ejection nozzle may be at least 8 times greater than a liquid surface may have a normal direction with a component that 
flow through the secondary liquid ejection nozzle , which is is directed towards the rotary head . This is advantageous in 
advantageous in that efficient cleaning of the liquid ejection 45 that a flow of the liquid on the outer concave surface of the 
apparatus itself may be achieved while still using only a primary nozzle may follow the outer concave surface 
limited additional amount of liquid for this . The use of a thereby cleaning the primary liquid ejection nozzle . It 
limited amount of liquid for cleaning the liquid ejection should be noted that within the context of this application the 
apparatus brings about that less liquid- and energy - consum term " outer concave surface ” may be any outer surface of 
ing cleaning may be performed . The cleaning of the liquid 50 the primary liquid ejection nozzle exhibiting a concave 
ejection apparatus thus becomes more economical . portion when defining a cross section through the primary 

An outlet of the secondary liquid ejection nozzle may be nozzle along a longitudinal direction thereof . The longitu 
in flush with an external surface of the rotary nozzle hub , dinal direction of the nozzle may be defined as the direction 
which is advantageous in that a solution resulting in fewer from an inlet of the nozzle to an outlet of the nozzle . In other 
protruding elements may be realized . By having fewer 55 words , a cross section of the primary liquid ejection nozzle 
elements protruding from the rotary nozzle hub , the risk of in a plane defined by a radial direction of the rotary nozzle 
trapping and accumulating debris or residues is reduced . hub and the second geometrical axis may have a concave 
Moreover , a robust solution with a decreased sensitivity to portion defining the cross section in a direction facing the 
external influences , such as pressure , mechanical impact and rotary head . 
the like , may be realized . The liquid ejection apparatus may comprise a gap located 

The secondary liquid ejection nozzle may be formed as a between the base member and the rotary head , for allowing 
through hole in a wall of the rotary nozzle hub , which is an amount of the liquid to flow out from the gap , wherein the 
advantageous in that a cost efficient and reliable solution outer , concave surface of the primary liquid ejection nozzle 
may be achieved . is positioned such that a flow of the liquid from the gap 

The secondary liquid ejection nozzle and a connection 65 impinges on the outer , concave surface of the primary liquid 
between the primary liquid ejection nozzle and the rotary ejection nozzle during at least a part of a revolution of the 
nozzle hub may be arranged on an annular envelope surface rotary nozzle hub , which is advantageous in that a forced 

60 
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flow of liquid exhibiting a cleaning effect on the primary ence , at any second radial distance from the rotary nozzle 
liquid ejection nozzle may be achieved . hub , the second radial distance being larger than the first 

The gap may direct the liquid towards a curved section of radial distance . 
the rotary head , the curved section directing the liquid According to a second aspect , there is provided a liquid 
towards liquid exit surface of the rotary head , the liquid 5 ejection apparatus for cleaning of a tank . The liquid ejection 
exit surface having a tangential direction that directs the apparatus being configured to be attached to a liquid line that 
liquid towards the concave surface of the primary liquid extends into the tank , and to receive a liquid from the liquid 
ejection nozzle , during at least a part of a revolution of the line , the liquid ejection apparatus comprising : a base mem 
rotary nozzle hub , which is advantageous in that a forced ber having a first end for receiving the liquid from the liquid 
flow of liquid exhibiting a cleaning effect on the primary 10 line , and a second end , wherein an outer circumference of a 
liquid ejection nozzle may be achieved . section of the base member increases in a direction towards 

The liquid ejection apparatus may comprise a plurality of the second end , a rotary head that is rotatably connected to 
primary liquid ejection nozzles that are arranged on the the second end of the base member , a rotary nozzle hub that 
rotary nozzle hub , such that interspaces are formed between is rotatably connected to the rotary head and comprises a 
the primary liquid ejection nozzles , and a plurality of 15 primary liquid ejection nozzle for ejecting the liquid , the 
secondary liquid ejection nozzles that are located on a rotary head being rotatable about a first geometrical axis and 
respective interspace of the interspaces between the primary the rotary nozzle hub being rotatable about a second geo 
liquid ejection nozzles . By this arrangement , the cleaning metrical axis that is arranged at an angle relative to the first 
effect and the mixing effect may be enhanced . The use of a geometrical axis , such that the liquid ejected by the primary 
plurality of primary liquid ejection nozzles and a plurality of 20 liquid ejection nozzle is ejected in a pattern towards an 
secondary liquid ejection nozzles allows for a more dense interior surface of the tank , wherein the primary liquid 
pattern having a plurality of liquid jets being ejected in a ejection nozzle has an outer , concave surface that faces the 
pattern towards an interior surface of the tank . This results rotary head . Generally , the second aspect may incorporate 
in that a time needed for a cleaning may be reduced . any of the above features as discussed in conjunction with 
Moreover , by locating the secondary liquid ejection nozzles 25 the liquid ejection apparatus according the first aspect . 
on the respective interspaces , a compact design may be Moreover , features of the second aspect of the apparatus 
achieved . generally provide similar advantages as discussed above in 

The liquid ejection apparatus may comprise a plurality of relation to the first aspect of the apparatus . 
secondary liquid ejection nozzles , wherein a first , secondary Further features of , and advantages with , the present 
liquid ejection nozzle is inclined towards the rotary head 30 invention will become apparent when studying the appended 
with an angle of 10 ° to 50 ° relative the first geometrical axis , claims and the following description . The skilled person will 
such that that liquid ejected by the first , secondary liquid realize that different features of the present invention may be 
ejection nozzle is , during at least a part of a revolution of the combined to create embodiments other than those described 
rotary nozzle hub , ejected in a pattern towards an external in the following , without departing from the scope of the 
surface of the base member , and wherein a second , second- 35 present invention . 
ary liquid ejection nozzle may be inclined towards the rotary 
head with an angle of 1 ° to 10 ° relative the first geometrical BRIEF DESCRIPTION OF THE DRAWING 
axis , such that liquid ejected by the second , secondary liquid 
ejection nozzle is , during at least a part of a revolution of the Embodiments of the invention will now be described , by 
rotary nozzle hub , ejected in a pattern towards an external 40 way of example , with reference to the accompanying sche 
surface of the liquid line that extends into the tank . The use matic drawings , in which 
of a first , secondary liquid ejection nozzle and a second , FIG . 1 is a schematic view of a liquid ejection system 
secondary liquid ejection nozzle is advantageous in that the including a liquid ejection apparatus for cleaning an interior 
cleaning of the liquid line that extends into the tank may be surface of a tank and for mixing a content of a tank . 
enhanced , as liquid may be ejected in a pattern towards an 45 FIGS . 2-4 illustrate a principal predetermined pattern of 
external surface of the liquid line . It should be noted that ejected liquid as generated by the liquid ejection apparatus 
within the context of this application the wording “ inclined of the liquid ejection system in FIG . 1 at three consecutive 
towards the rotary head with an angle relative the first 
geometrical axis ” may refer to any angle towards the rotary FIG . 5 is a perspective view of the liquid ejection appa 
head ( and the first geometrical axis ) when the outlet of the 50 ratus of FIG . 1 , 
secondary liquid ejection nozzle is directed towards the first FIG . 6 is a first cross sectional side view of the liquid 
geometrical axis . ejection apparatus of FIG . 1 , and 

A shortest distance from a central , longitudinal axis of the FIG . 7 is a second cross sectional side view of the liquid 
base member and the secondary liquid ejection nozzle may ejection apparatus of FIG . 1 . 
be between 65 and 120 mm , which is an advantageous range 55 
in that it provides for an optimization of the design . DETAILED DESCRIPTION 

A circumference of the rotary head may be , at an end of 
the rotary head facing the nozzle hub , at least 20 % larger The present invention will now be described more fully 
than a circumference of the rotary nozzle hub , at a section hereinafter with reference to the accompanying drawings , in 
of the rotary nozzle hub where the rotary nozzle hub meets 60 which preferred embodiments of the invention are shown . 
the rotary head , which is advantageous in a design that has This invention may , however , be embodied in many different 
been optimized in respect of its relative size may be forms and should not be construed as limited to the embodi 
achieved . ments set forth herein ; rather , these embodiments are pro 

An external envelope surface of the primary liquid ejec vided for thoroughness and completeness , and fully convey 
tion nozzle may have a first circumference at any first radial 65 the scope of the invention to the skilled person . 
distance from the rotary nozzle hub and a second circum Referring now to the drawings and to FIG . 1 in particular , 
ference that is equal to or smaller than the first circumfer there is conceptually depicted an embodiment of a liquid 

time points , 
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ejection system 2 that is configured to eject a liquid L inside enters the liquid ejection apparatus 100 through the base 
a tank 40. The liquid ejection system 2 comprises a liquid member 105 and continues into the rotary head 106 at the 
ejection apparatus 100 , and a processing unit 30 that is rotary head's connection to the base member 105 and exits 
configured to control a flow of the liquid L and thereby the rotary head 106 at the rotary head's connection to the 
indirectly control the operation of the liquid ejection appa- 5 rotary nozzle hub 110. The rotary nozzle hub 110 thus 
ratus 100. When the liquid ejection apparatus 100 is oper receives liquid from the rotary head 106 and distributes 
ated by the flow of the liquid L , the liquid ejection apparatus liquid L further to the primary nozzles 112 and the secondary 
100 will eject the liquid L into the tank 40 in a predetermined nozzles 114 , 114a , 114b , which eject the liquid L into the 
pattern . The liquid ejection apparatus 100 of the depicted tank 40 such that liquid L hits or impinges on an interior 
embodiment is thus driven by the flow of the liquid L. 10 surface 41 of the tank 40 , when cleaning is performed . 

The liquid ejection apparatus 100 has a liquid line 101 in Alternatively the nozzles 112 eject the liquid L into the tank 
form of a pipe that extends into the tank 40 via an opening 40 such that the liquid L is streamed into a content of the 
in an upper portion of the tank 40. The liquid line may be e.g. tank , towards the interior surface 41 of the tank 40 , when 
a hose instead of pipe . The liquid line 101 is provided with mixing is performed . Liquid L ejected by at least one of the 
a flange 102 that provides a secure connection as well as a 15 secondary liquid ejection nozzles is at least during a part of 
tight seal to the tank 40. An upper portion of the liquid line a revolution of the rotary nozzle hub 110 , ejected in a pattern 
101 , i.e. a portion that is outside the tank 40 , is provided with towards an external surface of the base member 105 and 
an inlet 103 for receiving the liquid L. A lower portion of the impinges thereon when cleaning is performed . 
pipe 101 , i.e. a portion that extends into the tank 40 , is at its The design of the liquid ejection apparatus 100 will be 
end connected to the liquid ejection apparatus 100 . 20 described in more detail with reference to FIGS . 5 and 6 . 

The liquid ejection apparatus 100 comprises a base mem Still referring to FIG . 1 , a liquid circuit 50 is connected to 
ber 105 which is attached to the liquid line 101. The base the tank 40 and to the liquid ejection apparatus 100 for 
member 105 of the depicted embodiment has a section with accomplishing a flow of the liquid L that is to be ejected 
a tapered or frustoconical shape with a narrower portion from the primary nozzles 112 and the secondary nozzles 114 , 
facing the liquid line 101. In other words , an outer circum- 25 114a , 114b into the tank 40. The liquid circuit 50 comprises , 
ference of the base member 105 in vicinity of the first end in a downstream direction , a liquid source 51 , a first valve 
or upper end 105a is smaller than an outer circumference of 52 , a first connection point 53 , a pump 54 , a second 
the base member in vicinity of the second end or lower end connection point 55 and a second valve 58. After the second 
105b . valve 58 the liquid circuit 50 is connected to the inlet 103 of 

A rotary head 106 is rotatably connected to the lower end 30 the liquid line 101. A bottom of the tank 40 is connected to 
105b of the base member 105. The rotary head 106 com the liquid circuit 50 at the first connection point 53. A liquid 
prises a , housing 107 and is rotatable around a first geo outlet 57 is via a third valve 56 connected to the second 
metrical axis Al which is parallel to and coinciding with a connection point 55. A second source of liquid 60 is via a 
longitudinal extension the liquid line 101 . fourth valve 61 connected to the tank 40 . 

With further reference to FIGS . 5 and 6 , a first bearing 122 35 The pump 54 may e.g. be a gear pump , a lube pump , a 
is arranged between the base member 105 and an inlet end centrifugal pump or a pump of any other suitable type . The 
of the rotary head 106 which faces the base member 105 , valves 52 , 56 , 58 , 61 may be butterfly valves , globe valves 
such that the rotary head 106 may rotate relative to the base or valves of any other suitable type . A liquid from the liquid 
member 105 . source 51 is typically a liquid to be mixed in or processed in 

The rotary head 106 comprises a rotary nozzle hub 110 on 40 the tank 40 or a liquid that constitutes a major part of a liquid 
which a number of primary liquid ejection nozzles 112 and to be mixed in or processed in the tank 40. A liquid content 
a number of secondary liquid ejection nozzles 114 , 114a , of the second source of liquid 60 may be a liquid to be mixed 
114b are arranged . In the illustrated embodiment there are with the liquid from the liquid source 51 , or may be a liquid 
four primary liquid ejection nozzles and four secondary to be used for cleaning of the tank 40. Additional liquid 
liquid ejection nozzles . 45 sources , not shown , may be connected to the tank 40 , as 

A second bearing 124 is arranged in between the rotary required by the mixing or cleaning application at hand . 
nozzle hub 110 and an outlet end of the rotary head 106 By opening the first valve 52 and by closing the second 
which faces the rotary nozzle hub 110 , such that the rotary valve 58 and the third valve 56 ( or having the pump 54 
nozzle hub 110 may rotate relative to the rotary head 106 . inactive , depending on pump type ) , liquid may be fed from 
The second bearing 124 allows the rotary nozzle hub 110 to 50 the liquid source 51 and into the tank 40 via the first 
rotate about a second geometrical axis A2 that is typically connection point 53. In this way the tank 40 may be filled 
offset from the first geometrical axis A1 by an angle ß of with a liquid content . When the liquid ejection system 2 shall 
80 ° -100 ° . In the depicted embodiment the second axis A2 is perform mixing , the tank 40 is typically filled to such a 
arranged at an angle ß of 90 ° relative to the first geometrical liquid content in the tank 40 completely covers the liquid 
axis A1 . Thus , the rotary nozzle hub 110 , the primary 55 ejection apparatus 100 or at least rotary head 106 including 
nozzles 112 and the secondary nozzles are able to rotate all its nozzles 112 , 114 , 114a . 114b . 
about the first axis A1 and about the second axis A2 , as seen By closing the first valve 52 and the third valve 56 , and 
relative the liquid line 101 or relative the tank 40 . at the same time opening the second valve 58 and operating 

The inlet 103 and the liquid line 101 each have the the pump 54 , the liquid content of the tank 40 may be 
principal shape of a conventional pipe and are capable of 60 circulated via the liquid circuit 50 and the liquid ejection 
transporting liquid L to be ejected into the tank 40 , hi the apparatus 100. This circulation effects mixing of a liquid 
illustrated embodiment the liquid ejection apparatus 100 is content since liquid L then is ejected into the liquid content , 
connected to the liquid line 101 via a connection element which efficiently causes the liquid content to be stirred and 
104 , for example by conventional welding or by matching mixed . 
threads . Liquid L enters the inlet 103 , and is via the 65 By closing the first valve 52 and the second valve 58 , and 
connection element 104 conveyed into the pipe 101 and at the same time opening the third valve 56 and operating the 
towards the liquid ejection apparatus 100. The liquid L then pump 54 , liquid content may be expelled from the tank 40 
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by transporting the liquid content to the liquid outlet 57. In The coarse pattern in FIG . 2 may be achieved by the primary 
this context , when liquid content is expelled , some content nozzles 112 after e.g. 1 minute , the denser pattern in FIG . 3 
is typically still present in the tank 40 , i.e. expelling a liquid after 2.5 minutes , and a so - called full pattern as in FIG . 4 
content does not necessarily mean that every part of the after 7 minutes . When the liquid ejection system 2 performs 
liquid content in the tank 40 is completely removed from the 5 mixing the rotary hub 110 rotates about the first axis A1 and 
tank 40. Content that is present in the tank 40 after the the second axis A2 as when cleaning is performed . However , 
expelling is typically cleaned of in a cleaning process when mixing the liquid L generally does not hit or impinge 
performed by the liquid ejection apparatus 100 . on the interior surface 41 of the tank 40 , but is instead 

The liquid content of the second source of liquid 60 may injected directly into a content of the tank 40. Still , the 
be introduced in the tank 40 by opening the fourth valve 61. 10 direction of the injection of the liquid L by the primary 
If this is done during a mixing operation the liquid content nozzles 112 follows the same pattern as shown in FIGS . 2-4 . 
of the second source of liquid 60 is efficiently mixed into the The design of the liquid ejection apparatus 100 of FIG . 1 
content of the tank 40 . will now be described in more detail with reference to FIGS . 
When the liquid ejection system 2 shall effect cleaning of 5 and 6 in combination with FIG . 1. The liquid ejection 

the tank 40 the liquid content of the second source of liquid 15 apparatus 100 shown in FIGS . 5 and 6 comprises the base 
60 may be a cleaning liquid . Then the cleaning liquid is member 105 for receiving the liquid L from the liquid line 
introduced into the tank 40 after the ( mixed ) liquid content 101 , as shown in FIG . 1. The base member 105 has as 
is expelled . Cleaning is then effected by closing the first described above a first end 105a and a second end 105b . An 
valve 52 and the third valve 56 , and at the same time opening outer circumference Cbm of a section 105d of the base 
the second valve 58 and operating the pump 54. The liquid 20 member 105 increases in a direction towards the second end 
L is then acts as a cleaning liquid which is expelled , ejected 105b . As can be seen , the outer circumference Cbm 
or sprayed into the tank 40 by means of the liquid ejection increases in a direction towards the second end 105b over a 
apparatus 100 and hits the inner surface 41 of the tank 40 . lower section of the base member 105 , whereas the outer 
The liquid L so hitting the inner surface 41 of the tank 40 circumference Cbm is substantially constant over an upper 
effects cleaning of the inner surface 41. Generally , when 25 section of the base member 105. Hence , the outer circum 
cleaning is effected the cleaning liquid in the tank 40 does ference Cbm of at least one section of the base member 105 
not cover the liquid ejection apparatus 100 , meaning that the and not an outer circumference of the entire base member 
rotary head 106 and rotary nozzle hub 110 are then not 105 increases in a direction towards the second end 105b . 
submersed in a liquid content . Instead , the liquid is ejected The base member 105 may have different shapes , meaning 
in a predetermined pattern towards the interior surface 41 of 30 that the outer circumference Cbm may vary in different 
the tank 40 and towards an external surface 105c of the base ways . The outer circumference Cbm of the base member 105 
member 105. In practice , the liquid will be ejected in a may for instance increase towards the second end 105b 
predetermined pattern onto the interior surface 41 of the tank throughout its entire length . Furth the outer circumference 
40 and onto the external surface 105c of the base member Cbm may for instance increase over a section towards the 
105 , given that a sufficient pressure of the liquid L is utilized . 35 second end 105b but may decrease over another section 

To control the liquid ejection system 2 the processing unit towards the second end 105b . Hence , the outer circumfer 
30 has a central processing unit 31 ( CPU ) that is connected ence Cbm may vary in any suitable way , as long as it , for at 
to and controls an electronic input / output interface 36 ( I / O ) . least one section of the base member 105 , increases in a 
The I / O interface 36 is in turn electrically connected to the direction towards the second end 105b . 
pump 54 to provide a control signal Sp . The CPU 31 is 40 The rotary head 106 is rotatably connected to the second 
preferably a central processing unit or microprocessor of a end 105b of the base member 105. The rotary head 106 is 
conventional type and represents the portion of the process connected to the base member 105 by means of the first 
ing unit 30 that is capable of carrying out instructions of a bearing 122 . 
computer program which is stored in a memory unit 32 of The rotary nozzle hub 110 is in turn rotatably connected 
the processing unit 30. The CPU 31 is the primary element 45 to the rotary head 106 by means of the second bearing 124 . 
carrying out the functions of the processing unit 30. More The rotary nozzle hub 110 comprises primary liquid ejection 
over , the processing unit 30 may be configured to control the nozzles 112 for ejecting the liquid L. The rotary nozzle hub 
valves 52 , 56 , 58 , 61 of the liquid circuit 50 such that a flow 110 also comprises secondary liquid ejection nozzles 114 , 
of the liquid L in the liquid circuit 50 may be controlled . 114a . 114b . The rotary head 106 is rotatable about the first 

The liquid ejection apparatus 100 is as indicated above 50 geometrical axis A1 . The rotary nozzle hub 110 is rotatable 
driven by a flow of the liquid L , meaning that the liquid about the second geometrical axis A2 . In the depicted 
ejection apparatus 100 is operated by operating the pump 54 embodiment , the second axis A2 is arranged at an angle ß of 
when the valves 52 , 56 , 58 , 61 are in there desired states as 90 ° relative the first axis Al , as described above . However , 
discussed above . the angle ß may be of a different value . As long as the first 

When liquid is ejected from the primary nozzles 112 and 55 axis A1 and the second axis A2 are arranged at an angle ß 
the secondary nozzles 114 , 114a , 114b for cleaning the in relation to each other , the liquid ejection apparatus will 
interior surface 41 of the tank 40 , then the rotary nozzle hub eject the liquid L in a three - dimensional pattern towards an 
110 rotates about the first axis A1 and the second axis A2 . interior surface 41 of the tank 40 when the rotary head 106 
The liquid is consequently ejected as spray beams and / or jet and the rotary nozzle hub 110 are rotated about their 
beams in a predetermined pattern onto the interior surface 60 respective rotation axes A1 , A2 . The angle ß is preferably 
41. The primary nozzles 112 generally cause a major clean 800-100 ° but other angle values may be used . 
ing effect of the interior surface 41 of the tank 40 , whereas When the liquid L enters the liquid ejection apparatus 100 
the secondary nozzles generally cause a minor cleaning at the first end 105a of the base member 105 , the liquid L is 
effect or no cleaning effect of the interior surface 41 of the directed through the base member 105 and further into the 
tank 40 . 65 rotary head 106. From the rotary head 106 , the liquid is 

FIGS . 2-4 illustrate an example of such a predetermined directed further into the rotary nozzle hub 110 , and more 
pattern of the liquid L ejected from the primary nozzles 112 . specifically into an internal cavity 110b of the rotary nozzle 
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hub 110. From the internal cavity 110b the liquid L flows or more than four primary liquid ejection nozzles 112 on the 
into the primary liquid ejection nozzles 112 and the second rotary nozzle hub 110. If more than one primary liquid 
ary liquid ejection nozzles 114 , 114a , 114b . The liquid L is ejection nozzle 112 is arranged on the rotary nozzle hub 110 
then ejected as spray beams or jet beams from the primary these nozzles 112 may be identical or different . 
liquid ejection nozzles 112 and the secondary liquid ejection 5 The liquid L ejected by the secondary liquid ejection 
nozzles 114 , 114a , 114b . nozzles 114 , 114a , 114b will be ejected in a pattern towards 

The rotation of the rotary head 106 and the rotary nozzle the internal surface 41 of the tank 40 as well as in a pattern 
hub 110 about their respective axes A1 , A2 is realized by towards the external surface 105c of the base member 105 . 
means of a drive system 130. The drive system is powered This means that the liquid Las ejected by the secondary 
by the flow of the liquid L entering the base member 105 at 10 liquid ejection nozzles 114 , 114a , 114b will impinge on the 
the first end 105a . In order to achieve the rotation , an internal surface 41 of the tank 40 during cleaning of the tank 
impeller 132 is arranged in a flow path of the liquid L , e.g. 40 as well as on the external surface 105c of the base 
after the liquid inlet at the first end 105a of the base member member 105 , given that a sufficient liquid pressure is used . 
105. In other words , the impeller 132 is arranged inside the In the depicted embodiment , one of the secondary liquid 
base member 105. A rotation of the impeller 132 is induced 15 ejection nozzles 114b is directed such that the liquid L 
by the flow the liquid L that passes by the impeller 132. The ejected by the secondary liquid ejection nozzle 114b is , 
impeller 132 may be located in other locations , such as in the during at least a part of a revolution of the rotary nozzle hub 
liquid line 101 , i.e. in an upstream direction of the liquid 110 , ejected in a pattern towards an external surface of the 
ejection apparatus 100. The impeller 132 drives a gearbox liquid line 101. This arrangement of the secondary liquid 
134 in form of a planetary or epicyclic gear . The gearbox 20 ejection nozzle 114b will be described in more detail here 
134 reduces a rotation speed as received by impeller 132 , inafter . 
resulting in a suitable rotation speed of the rotary head 106 . When the tank 40 is cleaned , the liquid ejection apparatus 
The skilled person realizes that any suitable kind of gearbox 100 is generally arranged above a surface of a content in the 
may be used . The rotary nozzle hub 110 will rotate about the tank 40 as described above . On the other hand , if the liquid 
second axis Al as a planetary gear of the gearbox 134 25 ejection apparatus 100 is arranged below a surface of a 
rotates , by virtue of a toothed surface 136 of the rotary content in the tank 40 , the liquid ejection apparatus 100 will 
nozzle hub . The toothed surface 136 is implemented and mix the content of the tank as described above . Generally the 
operates in cooperation with the planetary gear of the primary liquid ejection nozzles 112 will foresee a primary or 
gearbox 134 according to conventional techniques within major cleaning effect of the internal surface 41 of the tank 
the field of liquid ejection apparatuses . Any suitable tech- 30 40 , whereas the secondary liquid ejection nozzles 114 , 114a , 
nique for arranging the impeller 132 and for transferring a 114b generally will foresee a secondary or minor cleaning 
rotational movement of the impeller 132 to the rotary head effect of the internal surface 41 of the tank 40. However , as 
106 and the rotary nozzle hub 110 may be employed . the secondary liquid ejection nozzles 114 , 114a , 114b are 
Alternatively , an impeller as described in patent document directed towards the base member 105 ( and the liquid line 
WO92 / 04994 may be used for accomplishing the rotations 35 101 ) , the secondary liquid ejection nozzles 114 , 114a , 114b 
about the first axis A1 and the second axis A2 . will provide a cleaning effect of the liquid ejection apparatus 

Further , the rotation about the first axis Al may be 100 itself . 
accomplished via a shaft , not shown , that extends from an In the illustrated embodiment four secondary nozzles 114 , 
upper end of the liquid line 101 and to the rotary head 106 114a , 114b are symmetrically arranged on the rotary nozzle 
where it is connected to the rotary head 106. The shaft then 40 hub 110. It is however possible to have e.g. only one 
preferably has a diameter that is smaller than both an inner secondary liquid ejection nozzle 114 , 114a , 114b on the 
diameter of the liquid line 101 , an inner diameter of the base rotary hub 110. It is also possible to have two , three or more 
member 105 and a diameter of an opening at an inlet end of than four secondary liquid ejection nozzles 114 , 114a , 114b 
the rotary head 106. This arrangement will allow the liquid on the rotary nozzle hub 110. If more than one secondary 
L to flow past the shaft . Hence , when the shaft is rotated , the 45 liquid ejection nozzle 114 , 114a , 114b is arranged on the 
rotary head 106 will be rotated about the first axis A1 . Such rotary nozzle hub 110 these nozzles 114 , 114a . 114b may be 
a shaft may also be used to drive the rotation of the rotary identical or different , as will be described in more detail 
nozzle hub 110 about the second axis A2 through a gearbox . hereinafter . 
Such a shaft may be powered by e.g. an electrical motor or As described above , in the illustrated embodiment four 
any other suitable power source . 50 primary nozzles 112 and four secondary nozzles 114 , 114a , 

Preferably , the rotation of the rotary head 106 about the 114b are symmetrically arranged on the rotary nozzle hub 
first axis A1 has a rotational speed of 0.2 to 6 rpm , and the 110. The primary nozzles 112 arranged on the rotary nozzle 
rotation of the rotary nozzle hub 110 about the second axis hub 110 , such that interspaces 110e are formed between the 
A2 has at a rotational speed of 0.2 to 10 rpm . The rotary head primary liquid ejection nozzles 112. The secondary liquid 
106 and the rotary nozzle hub may be arranged to rotate in 55 ejection nozzles ( 114 , 114a , 114b ) are located on a respec 
any direction about the respective axes A1 , A2 . tive interspace ( 110e ) of the interspaces ( 110e ) between the 
When the pump 54 pumps the liquid L through the liquid primary liquid ejection nozzles ( 112 ) . 

ejection apparatus 100 , the liquid L will be ejected through In the following , the primary liquid ejection nozzles 112 
the primary liquid ejection nozzles 112 and the secondary will be described . The primary liquid ejection nozzles 112 
liquid ejection nozzles 114 , 114a , 114b providing liquid jets . 60 comprises each , as seen in a direction from an inlet 113b , a 
Preferably , the pump 54 that feeds the liquid L into the liquid cylindrical section 112c followed by section 112t that is 
ejection apparatus 100 at a pressure of 1 to 9 bar and at a tapered in a direction towards an outlet 113a of the primary 
flow rate of 10 to 250 liters per minute . liquid ejection nozzles 112. The tapered section 112t is 

In the illustrated embodiment four primary nozzles 112 provided with an outer concave surface 112s . The outer 
are symmetrically arranged on the rotary nozzle hub 110. It 65 concave surface 112s is concave in the sense that a cross 
is however possible to have e.g. only one primary nozzle 112 section of the primary liquid ejection nozzle 112 along a 
on the rotary hub 110. It is also possible to have two , three longitudinal direction thereof exhibits a concave portion 
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defining the cross section . The tapered section 112t may be distance R1 from the second geometrical axis A2 , and the 
of a different shape or taper in a different way . Moreover , in starting point 112b may be located at a second distance R2 
some embodiments the primary liquid ejection nozzles 112 from the second geometrical axis A2 . The first distance R1 
may have any suitable form and may consequently be e.g. is preferably larger than the second distance R2 . 
uniform thickness or have several different sections varying 5 For instance , the bulging outer surface section 106s may 
in thickness . Further , the outlets 113a of the respective be inclined in a downward direction , meaning that the flow 
primary liquid ejection nozzles 112 may have any suitable of liquid exiting the gap 120 will be directed downwards . 
shape or size , for providing a desired liquid jet . For instance , Further , the bulging outer surface section 106s may be 
the outlets 113a may have a circular , a square or an oval inclined in an upward direction , meaning that the flow of 
cross section . The outlets 113a may be accomplished 10 liquid exiting the gap 120 will be directed upwards . This 
according to any conventional technique within the field of may for instance be achieved by providing a bump , not 
tank cleaning and mixing apparatuses . shown , where the flow of liquid exiting the gap 120 leaves 

In the depicted embodiment , the cylindrical section 112c the bulging outer surface section 106s . 
is provided with a planar cut - out 112p for allowing a tool , In the following , the configuration of the secondary liquid 
such as an adjustable spanner , to engage the primary liquid 15 ejection nozzles 114 , 114a , 114b will be described . In the 
ejection nozzles 112 for fastening and releasing the primary depicted embodiment , the secondary liquid ejection nozzles 
liquid ejection nozzles 112 to and from the rotary nozzle hub 114 , 114a , 114b are provided as through holes in the wall 
112. The connection of the liquid ejection nozzles 112 to the 110a of the rotary nozzle hub 110. The secondary liquid 
rotary nozzle hub 110 may be accomplished according to ejection nozzles 114 , 114a , 114b may be provided as bores , 
any conventional technique within the field tank cleaning 20 cased holes or similar . The through holes making up the 
and mixing apparatuses . secondary liquid ejection nozzles 114 , 114a , 114b are thus 

The outer concave surface 112s of the primary liquid extending between the internal cavity 110b of the rotary 
ejection nozzles 112 allows for an enhanced self cleaning of nozzle hub 110 and an external surface 110c of the rotary 
the primary liquid ejection nozzles 112. This is achieved by nozzle hub 110. The respective ends of the trough holes 
providing a gap 120 located between the base member 105 25 making up the secondary liquid ejection nozzles 114 , 114a , 
and the rotary head 106. The gap 120 allows an amount of 114b are thus acting as inlets 115b and outlets 115a of the 
the liquid L to flow out through the gap 120. The flow of respective secondary liquid ejection nozzles 114 , 114a , 
liquid flowing out of the gap 120 is after exiting the gap 120 114b . 
directed in a direction substantially parallel to the second In the depicted embodiment , the outlets 115a of the of the 
axis A2 , i.e. in a rightward direction of FIG . 6 , by means of 30 respective secondary liquid ejection nozzles 114 , 114a , 114b 
a bulging outer surface section or curved section 106s of the are in flush with the external surface 110c of the rotary 
rotary head 106. In other words , the bulging outer surface nozzle hub . The holes making up the respective secondary 
section 106s directs the flow of liquid exiting the gap 120 in liquid ejection nozzles 114 , 114a , 114b may be of any 
a direction towards the primary liquid ejection nozzles 112 . suitable shape or size . For instance , the holes may be 
The respective outer concave surfaces 112s of the primary 35 circular , square shaped , oval or the like . Further , a relatively 
liquid ejection nozzles 112 are positioned such that the flow large hole may be formed , where the hole is subsequently 
of liquid from the gap 120 impinges on the outer concave provided with an insert , not shown . By providing an insert , 
surfaces 112s of the primary liquid ejection nozzles 112 the size , shape and location of the outlets 115a may be 
during at least a part of a revolution of the rotary nozzle hub altered . Moreover , the use of an insert allows for efficient 
110. In other words , the flow of liquid from the gap 120 40 replacement in case the insert gets damaged or negatively 
impinges on the respective outer concave surfaces 112s as affected in any other way . Also when using an insert , the 
the primary liquid ejection nozzles 112 are rotating , by outlet 115a may be arranged in flush with the external 
virtue of the liquid ( L ) form the gap 120 that is directed by surface 110c of the rotary nozzle hub 110 . 
the bulging outer surface section 106s towards the concave Preferably , the primary liquid ejection nozzles 112 have 
surfaces 112s . When hit by liquid that originally came from 45 outlets 113a that are larger than the outlets 115a of the 
the gap 120 outer concave surfaces 112s of the primary secondary liquid ejection nozzles 114 , 114a , 114b , such that 
liquid ejection nozzles 112 directs the flow of liquid in a a liquid flow through the primary liquid ejection nozzles 112 
direction towards the outlet 113a of the respective primary is at least 8 times greater than a liquid flow through the 
liquid ejection nozzles 112 , thereby providing a cleaning secondary liquid ejection nozzles 114 , 114a , 114b . 
effect to the respective primary liquid ejection nozzles 112. 50 Any suitable relation between the liquid flow through the 
The shape of the bulging outer surface section 106s may be primary liquid ejection nozzles 112 and the liquid flow 
varied to direct the flow of liquid exiting the gap 120 in other through the secondary liquid ejection nozzles 114 , 114a , 
directions . However , the bulging outer surface section 106s 114b may be used . 
should preferably have a shape such that the flow of liquid In the depicted embodiment , the inlets 113b of the pri 
from the gap 120 impinges on the outer concave surfaces 55 mary liquid ejection nozzles 112 and the inlets 115b of the 
112s of the primary liquid ejection nozzles 112 during at secondary liquid ejection nozzles 114 , 114a , 114b are 
least a part of a revolution of the rotary nozzle hub 110 . formed in a wall 110a of the internal cavity 110b , meaning 

In detail and with further reference to FIG . 7 , liquid L that that the respective nozzles 112 , 114 , 114a , 114b all have 
comes from the gap 12 is by the surface section 1065 individual inlets 113b , 115b at the internal cavity 110b . This 
directed towards a liquid exit surface 106e of the rotary head 60 means also that all inlets 113b , 115b for the respective 
106. The liquid exit surface 106e has a tangential direction nozzles 112 , 114 , 114a , 114b are during use provided with 
that directs the liquid L towards the concave surface 112s of liquid L from the internal cavity 110b of the rotary nozzle 
the primary liquid ejection nozzle 112 , during at least a part hub 110 . 
of a revolution of the rotary nozzle hub 110. The concave In the depicted embodiment , a first secondary liquid 
surface 112s has a starting point 112b from where the 65 ejection nozzle 114a is inclined towards the rotary head 106 
concave surface 112s starts to extend towards the outlet with an angle a of 56 ° relative a radial direction Dr of the 
113a . The liquid exit surface 106e may be located at a first rotary nozzle hub 110. This means that the liquid L ejected 
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by the first secondary liquid ejection nozzle 114a will , outer width Wpn of at least one of the primary liquid ejection 
during at least a part of a revolution of the rotary nozzle hub nozzles 112 at a connection between the primary liquid 
110 , be ejected in a pattern towards the external surface 1050 ejection nozzle 112 and the rotary nozzle hub 110. The disc 
of the base member 105 , as described above . Preferably the shaped volume Vd typically has a radius that extends from 
first secondary liquid ejection nozzle 112a is inclined 5 the second geometrical axis A2 , and at least just past ( e.g. 1 
towards the rotary head 106 with an angle a of 10 ° to 50 ° . mm past ) the outlets 113a of the primary liquid ejection 
However , any other angles a may be used . nozzle 112. Further , the disk shaped volume Vd encloses the 

In the depicted embodiment , a second , secondary liquid connection between the primary liquid ejection nozzle 112 
ejection nozzle 114b is inclined towards the rotary head 106 and the rotary nozzle hub 110. This arrangement of the 
with an angle a of 5 ° relative the radial direction Dr of the 10 respective inlets 113b , 115b of the respective nozzles 112 , 
rotary nozzle hub 110. This means that the liquid L ejected 114 , 114a , 114b brings about that all inlets are provided at 
by the second , secondary liquid ejection nozzle 114b will , the internal cavity 110b along a limited distance as seen 
during at least a part of a revolution of the rotary nozzle hub along the second geometrical axis A2 , which brings about 
110 , be ejected in a pattern towards an external surface of the that a compact design of the liquid ejection apparatus 100 
liquid line 101 that extends into the tank 40. Of course , this 15 may be achieved as discussed above . The respective inlets 
assumes that the liquid line 101 is sufficiently long to be hit 113b , 115b of the respective nozzles 112 , 114 , 114a , 1146 
by the liquid L ( an angle a of 5 ° is a value that is suitable may in other embodiments be provided in different locations 
for most tank cleaning implementations ) . Preferably the not limited by the disk shaped volume Vd . 
second secondary liquid ejection nozzle 112a is inclined In the depicted embodiment , the outlets 115a of the 
towards the rotary head 106 with an angle a of 1 ° to 10 ° . 20 secondary liquid ejection nozzles 114 , 114a . 114b and the 
However , any other angles a may be used as long as the outlets 113a of the primary liquid ejection nozzles 112 are 
liquid line 101 is hit by the liquid L. arranged within the disk shaped volume Vd described above . 

In the depicted embodiment there are four secondary This arrangement of the respective outlets 113a , 115a of the 
liquid ejection nozzles 114 , 114a , 114b . Preferably , the four respective nozzles 112 , 114 , 114a , 114b brings about that all 
secondary liquid ejection nozzles 114 , 114a , 114b are 25 outlets 113a , 115a are provided along a limited distance as 
arranged at the angles a of 2.8 ° , 50 , 56 ° and 56 ° , which seen along the second geometrical axis A2 , which brings 
brings about that the liquid L ejected by two of the secondary about that a compact design of the liquid ejection apparatus 
liquid ejection nozzles 114 , 114a ( 56 ° and 56 ° ) will , during 100 may be achieved as discussed above . 
at least a part of a revolution of the rotary nozzle hub 110 , Even though the invention has been described with ref 
be ejected in a pattern towards the external surface 105c of 30 erence to specific exemplifying embodiments thereof , many 
the base member 105 , and that the liquid L ejected by the different alterations , modifications and the like will become 
remaining two secondary liquid ejection nozzles 114 , 114b apparent for those skilled in the art . Variations to the 
( 2.8º and 5 ° ) will , during at least a part of a revolution of the disclosed embodiments may be understood and effected by 
rotary nozzle hub 110 , be ejected in a pattern towards the the skilled addressee in practicing the claimed invention , 
external surface of the liquid line 101 that extends into the 35 from a study of the drawings , the disclosure , and the 
tank 40 , at two different locations on the liquid line 101 . appended claims . Furthermore , in the claims , the word 

A shortest distance Ds from a central , longitudinal axis A1 " comprising ” does not exclude other elements or steps , and 
of the base member 105 and the secondary liquid ejection the indefinite article “ a ” or “ an ” does not exclude a plurality . 
nozzles 114 , 114a , 114b may be between 65 and 120 mm . The invention claimed is : 

Acircumference Crh of the rotary head 106 may , at an end 40 1. A liquid ejection apparatus for cleaning of a tank , the 
106a of the rotary head 106 facing the rotary nozzle hub 110 , liquid ejection apparatus being configured to be attached to 
be at least 20 % larger than a circumference Cnh of the rotary a liquid line that extends into the tank , and to receive a liquid 
nozzle hub 110 , at an end 110d of the rotary nozzle hub 110 from the liquid line , the liquid ejection apparatus compris 
facing the rotary head 106. However , other relationships ing : 
between the circumferences Crh , Cnh may be used . a base member having a first end for receiving the liquid 

The secondary liquid ejection nozzles 114 , 114a , 114b and from the liquid line , and a second end , wherein an outer 
connections between the primary liquid ejection nozzles 112 circumference of a section of the base member 
and the rotary nozzle hub 110 may be arranged on an annular increases in a direction towards the second end , 
envelope surface Sae of the rotary nozzle hub 110 , as is the a rotary head that is rotatably connected to the second end 
case with the depicted embodiment . A width Wae of the 50 of the base member , 
annular envelope surface Sae may be equal to or smaller a rotary nozzle hub that is rotatably connected to the 
than an outer width Wpn of the primary liquid ejection rotary head and comprises a primary liquid ejection 
nozzles 112 at least one of the connections between the nozzle for ejecting the liquid , the rotary head being 
primary liquid ejection nozzles 112 and the rotary nozzle rotatable about a first geometrical axis and the rotary 
hub 110. By arranging the secondary liquid ejection nozzles 55 nozzle hub being rotatable about a second geometrical 
114 , 114a , 114b and the connections between the primary axis that is arranged at an angle relative to the first 
liquid ejection nozzles 112 and the rotary nozzle hub 110 on geometrical axis , such that the liquid ejected by the 
an envelope surface Sae having a limited width Wpn , a primary liquid ejection nozzle is ejected in a pattern 
liquid ejection apparatus 100 having a limited extension towards an interior surface of the tank , the rotary nozzle 
along the second geometrical axis A2 may be realized . hub possessing an annular exterior surface , 

In the depicted embodiment , the inlets 115b of the sec wherein the rotary nozzle hub comprises a secondary 
ondary liquid ejection nozzles 114 , 114a , 114b and the inlets liquid ejection nozzle that is configured to , during at 
113b of the primary liquid ejection nozzles 112 are arranged least a part of a revolution of the rotary nozzle hub , 
within an imaginary , disk shaped volume Vd . The disk eject the liquid in a pattern towards an external surface 
shaped volume Vd is centered on and extending from the 65 of the base member , the secondary liquid ejection 
second geometrical axis A2 , as shown in FIGS . 5 and 6. The nozzle being a through hole in a wall of the rotary 
disk shaped volume Vd has a width Wd that is equal to an nozzle hub , the through hole having an outlet that opens 
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to the annular exterior surface of the rotary nozzle hub 11. Liquid ejection apparatus according to claim 1 , com 
so that an entire circumference of the outlet of the prising a plurality of secondary liquid ejection nozzles , 
through hole is flush with the annular exterior surface wherein 
of the rotary nozzle hub . a first , secondary liquid ejection nozzle is inclined 

2. Liquid ejection apparatus according to claim 1 , wherein 5 towards the rotary head with an angle of 10 ° to 50 ° 
the primary liquid ejection nozzle has an outlet that is larger relative the first geometrical axis , such that that liquid 
than an outlet of the secondary liquid ejection nozzle , such ejected by the first , secondary liquid ejection nozzle is , 
that a liquid flow through the primary liquid ejection nozzle during at least a part of a revolution of the rotary nozzle 
is at least 8 times greater than a liquid flow through the hub , ejected in a pattern towards an external surface of 

the base member , and wherein secondary liquid ejection nozzle . 
3. Liquid ejection apparatus according to claim 1 , wherein a second , secondary liquid ejection nozzle is inclined 

towards the rotary head with an angle of 1 ° to 10 ° a connection between the primary liquid ejection nozzle and 
the rotary nozzle hub is arranged on the annular exterior relative the first geometrical axis , such that liquid 

ejected by the second , secondary liquid ejection nozzle surface of the rotary nozzle hub , the annular exterior surface is , during at least a part of a revolution of the rotary having a width that is equal to or smaller than an outer width nozzle hub , ejected in a pattern towards an external 
of the primary liquid ejection nozzle at the connection surface of the liquid line that extends into the tank . 
between the primary liquid ejection nozzle and the rotary 12. Liquid ejection apparatus according to claim 1 , 
nozzle hub . wherein a shortest distance from a central , longitudinal axis 

4. Liquid ejection apparatus according to claim 1 , wherein 20 of the base member and the secondary liquid ejection nozzle 
the rotary nozzle hub comprises an internal cavity in liquid is between 65 and 120 mm . 
communication with the rotary head , wherein an inlet of the 13. Liquid ejection apparatus according to claim 1 , 
secondary liquid ejection nozzle and an inlet of the primary wherein a circumference of the rotary head is , at an end of 
liquid ejection nozzle are separated from each other and the rotary head facing the rotary nozzle hub , at least 20 % 
formed in a wall of the internal cavity . 25 larger than a circumference of the rotary nozzle hub , at a 

5. Liquid ejection apparatus according to claim 1 , wherein section of the rotary nozzle hub where the rotary nozzle hub 
an inlet of the secondary liquid ejection nozzle and an inlet meets the rotary head . 
of the primary liquid ejection nozzle are arranged within a 14. A liquid ejection apparatus for cleaning of a tank , the 
disk shaped volume centered on and extending radially and liquid ejection apparatus being configured to be attached to 
perpendicularly from the second geometrical axis , and hav- 30 a liquid line that extends into the tank , and to receive a liquid 
ing a width that is equal to an outer width of the primary from the liquid line , the liquid ejection apparatus compris 
liquid ejection nozzle at a connection between the primary ing : 
liquid ejection nozzle and the rotary nozzle hub . a base member having a first end for receiving the liquid 

6. Liquid ejection apparatus according to claim 1 , wherein from the liquid line , and a second end , wherein an outer 
an outlet of the secondary liquid ejection nozzle and an 35 circumference of a section of the base member 
outlet of the primary liquid ejection nozzle are arranged increases in a direction towards the second end , 
within a disk shaped volume centered on and extending a rotary head that is rotatably connected to the second end 
radially and perpendicularly from the second geometrical of the base member , 
axis , and having a width that is equal to an outer width of the a rotary nozzle hub that is rotatably connected to the 
primary liquid ejection nozzle at a connection between the 40 rotary head and comprises a primary liquid ejection 
primary liquid ejection nozzle and the rotary nozzle hub . nozzle for ejecting the liquid , the rotary head being 

7. Liquid ejection apparatus according to claim 1 , wherein rotatable about a first geometrical axis and the rotary 
the primary liquid ejection nozzle has an outer , concave nozzle hub being rotatable about a second geometrical 
surface that faces the rotary head . axis that is arranged at an angle ( B ) relative to the first 

8. Liquid ejection apparatus according to claim 7 , com- 45 geometrical axis , such that the liquid ejected by the 
prising a gap located between the base member and the primary liquid ejection nozzle is ejected in a pattern 
rotary head , for allowing an amount of the liquid to flow out towards an interior surface of the tank , and 
from the gap , wherein the outer , concave surface of the wherein the primary liquid ejection nozzle has an outer , 
primary liquid ejection nozzle is positioned such that a flow concave surface that faces the rotary head . 
of the liquid from the gap impinges on the outer , concave 50 15. Liquid ejection apparatus according to claim 14 , 
surface of the primary liquid ejection nozzle during at least comprising a gap located between the base member and the 
a part of a revolution of the rotary nozzle hub . rotary head , for allowing an amount of the liquid to flow out 

9. Liquid ejection apparatus according to claim 8 , wherein from the gap , wherein the outer , concave surface of the 
the gap directs the liquid towards a curved section of the primary liquid ejection nozzle is positioned such that a flow 
rotary head , the curved section directing the liquid towards 55 of the liquid from the gap impinges on the outer , concave 
a liquid exit surface of the rotary head , the liquid exit surface surface of the primary liquid ejection nozzle during at least 
having a tangential direction that directs the liquid towards a part of a revolution of the rotary nozzle hub . 
the concave surface of the primary liquid ejection nozzle , 16. Liquid ejection apparatus according to claim 15 , 
during at least a part of a revolution of the rotary nozzle hub . wherein the gap directs the liquid towards a curved section 

10. Liquid ejection apparatus according to claim 1 , 60 of the rotary head , the curved section directing the liquid 
wherein the liquid ejection apparatus comprises a plurality towards a liquid exit surface of the rotary head , the liquid 
of primary liquid ejection nozzles that are arranged on the exit surface having a tangential direction that directs the 
rotary nozzle hub , such that interspaces are formed between liquid towards the concave surface of the primary liquid 
the primary liquid ejection nozzles , and a plurality of ejection nozzle , during at least a part of a revolution of the 
secondary liquid ejection nozzles that are located on a 65 rotary nozzle hub . 
respective interspace of the interspaces between the primary 17. Liquid ejection apparatus according to claim 14 , 
liquid ejection nozzles . wherein an external envelope surface of the primary liquid 
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ejection nozzle has a first circumference at any first radial ejected by the second , secondary liquid ejection nozzle 
distance from the rotary nozzle hub and a second circum is , during at least a part of a revolution of the rotary 
ference that is equal to or smaller than the first circumfer nozzle hub , ejected in a pattern towards an external 
ence , at any second radial distance from the rotary nozzle surface of the liquid line that extends into the tank . 
hub , the second radial distance being larger than the first 5 
radial distance . 19. A liquid ejection apparatus for cleaning of a tank , the 

liquid ejection apparatus being configured to be attached to 18. A liquid ejection apparatus for cleaning of a tank , the 
liquid ejection apparatus being configured to be attached to a liquid line that extends into the tank , and to receive a liquid 
a liquid line that extends into the tank , and to receive a liquid from the liquid line , the liquid ejection apparatus compris 
from the liquid line , the liquid ejection apparatus compris- 10 ing : 
ing : a base member having a first end for receiving the liquid 

a base member having a first end for receiving the liquid from the liquid line , and a second end , wherein an outer 
from the liquid line , and a second end , wherein an outer circumference of a section of the base member 
circumference of a section of the base member increases in a direction towards the second end , 
increases in a direction towards the second end , 

a rotary head that is rotatably connected to the second end a rotary head that is rotatably connected to the second end 
of the base member , of the base member , 

a rotary nozzle hub that is rotatably connected to the a rotary nozzle hub that is rotatably connected to the 
rotary head and comprises a primary liquid ejection rotary head and comprises a primary liquid ejection 
nozzle for ejecting the liquid , the rotary head being 20 nozzle for ejecting the liquid , the rotary head being 
rotatable about a first geometrical axis and the rotary rotatable about a first geometrical axis and the rotary 
nozzle hub being rotatable about a second geometrical nozzle hub being rotatable about a second geometrical 
axis that is arranged at an angle relative to the first axis that is arranged at an angle relative to the first 
geometrical axis , such that the liquid ejected by the geometrical axis , such that the liquid ejected by the 
primary liquid ejection nozzle is ejected in a pattern 25 primary liquid ejection nozzle is ejected in a pattern 
towards an interior surface of the tank , towards an interior surface of the tank , the rotary nozzle 

wherein the rotary nozzle hub comprises a plurality of hub possessing an annular exterior surface , 
secondary liquid ejection nozzles , the plurality of sec the rotary nozzle hub comprising a secondary liquid ondary liquid ejection nozzles comprising a first sec ejection nozzle that is configured to , during at least a ondary liquid ejection nozzle and a second secondary 30 part of a revolution of the rotary nozzle hub , eject the liquid ejection nozzle , liquid in a pattern towards an external surface of the the first , secondary liquid ejection nozzle being inclined base member , and towards the rotary head with an angle of 10 ° to 50 ° 
relative the first geometrical axis , such that that liquid a connection between the primary liquid ejection nozzle and 
ejected by the first , secondary liquid ejection nozzle is , 35 the rotary nozzle hub is arranged on the annular exterior 
during at least a part of a revolution of the rotary nozzle surface of the rotary nozzle hub , the annular exterior surface 
hub , ejected in a pattern towards an external surface of having a width that is equal to or smaller than an outer width 
the base member , and of the primary liquid ejection nozzle at the connection 

the second , secondary liquid ejection nozzle being between the primary liquid ejection nozzle and the rotary 
nozzle hub . inclined towards the rotary head with an angle of 1 ° to 40 

10 ° relative the first geometrical axis , such that liquid 


